TITLE OF THE INVENTION 



OPTICAL AMPLIFYING DEVICE 




Field of the Invention 



[0001] 



The present invention relates to optical amplifying 



devices for amplifying an input optical signal and, more 
specifically, to an optical amplifying device suitable for use 
in amplifying a burst optical signal. 

Description of the Background Art 



signals (hereinafter referred to as burst optical signals) are 
amplified through a general optical fiber amplifier, for example, 
waveform degradation, called optical surges, occurs in the 
optical signals. Optical surges are now briefly described with 
reference to the accompanying drawings. 

[0003] Optical sura e ^ ar^ n^umd by t rn-rrrreiUj - ^iidSl^^ 

optical amplifiers . How much the input^9p^:i:cal^signal is degraded 
in waveform depends on tj;;ie-'''''characterist of the optical 
amplifier, such a-^^a relaxation time constant. Waveform 
degradatiojx^lso depends on the input optical signal itself. As 
th^::n ^L llgliL "w^aileb in puwei, Lhy wdvefuim becoir res dggrgded . 

[0004] iiiC^ ^ o h o w o t h^ wau-ef orm o f -a ii - o 



[0002] 



As well known, when intermittently-inputted optical 
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LL<jr rgnTl-rCed7''s^ as a case wherti Udb 



spaced long. 
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If such burst optical signal as shown in FIG. 1 SaJ^^-prtSvicied to 
an optical amplifier, temporary periods^itrfing which no data is 
provided at all are observedj^^>*fi^are hereinafter referred to 
5 as no-data period. If aj*^tical signal is provided after a long 
no-data period, ir>g^light optical power varies. Therefore, as 
shown in Flc/lSb, the optical signal after amplification is 



instanta»eous 



ly increased in level (optical surges) , thereby 



cau.s'^Ttg^egradatlr tjn in iir gryeform . 




10 [00051 Such waveform degradation in a transmission system 

makes it difficult for a receiving side to always optimally 
identify data . Thus , optical surges have to be suppressed. From 
this viewpoint, one optical amplifying device capable of carrying 
out optical amplification while suppressing optical surges is 

15 disclosed in Japanese Patent Laid-Open Publication No. 11-135862 
(1999-135862) . This conventional optical amplifying device 
(hereinafter referred to as conventional device) is described 
below with reference to the drawings. 



[0006] 



As shown in FIG. 19, a conventional device 9000 is 



20 provided with an input optical signal of a wavelength X 1 as shown 
in FIG. 20a. The provided optical signal is branched into two 
by an optical brancher 910. One branched optical signal goes 
through an optical receiver 920, an inverting amplifier 940, and 
a light source 924 , thereby being converted into an optical signal 

25 of a wavelength Xd with its logic level inverted, as shown in 



3 



FIG. 20b. Then, the converted optical signal is multiplexed with 
the other optical signal branched by the optical brancher 910. 
The optical signal after such multiplexing is constant in optical 
power, as shown in FIG. 20c. 

[00071 The optical signal after multiplexing is amplified 

by an optical fiber amplifier 916. At this time, optical surges 
do not occur since the input light is constant in optical power. 
The amplified optical signal is provided to an optical filter 918 , 
wherein the optical signal of the wavelength A 1 ispass ed throug h^ 

^v, linn tn I hi' i ll "'•■■'--nai nP-vice gOffg^ 

[0008] j^n nnrn arruu-aing i.T7-t.iic ^ 

the input optical signal is superposed^n^thj^^^ 
differed in wavelength^^Jhu^..--«tri^^ provided to the 

amplifier 916 cap^b^^^^i^^porarily constant in optical power, 
in this>.^frCtical amplification can be carried while optical 
§jrfje ^e5 arc o npgressed, 

[00091 AS stated above, in the conventional device, the 

input optical signal is superposed with the dummy optical signal , 
and then provided to the amplifier. Therefore, the optical signal 
provided to the amplifier becomes larger in optical power on 
average than the input optical signal . In general , amplification 
gain of the amplifier varies according to the average optical 
power of the optical signal provided to the amplifier . The larger 
the optical power of the input light is, the less the amplification 
gain is. Therefore, in the conventional device, the 
amplification gain of the amplifier is disadvantageouly reduced. 



tOOlOl Moreover, the conventional device has to accurately 

detect data provided at a higher bit rate such as 10 
gigabits/second for logic level inversion. Accordingly, the 
electrical load on the conventional device is increased. This 
increase leads to a degradation in device's performance and an 
increase in cost. 

[0011] Also, a large number of components are required for 

1 x^^ir-o Thus the conventional device is 
the conventional device. inu:>, 

complex in structure. 



SUMMARY OF THE INVENTION 

[0012] Therefore, one object of the present invention is to 

provide an optical amplifying device capable of carrying out 
optical amplification while suppressing optical surges and also 
preventing reduction in amplification gain of an amplifier. A 
further object of the present invention is to provide an optical 
amplifying device capable of carrying out optical amplification 
while suppressing optical surges without requiring a large-load 
electrical process. A still further object of the present 
invention is to provide an optical amplifying device capable of 
carrying out optical amplification while suppressing optical 
surges in a simple structure. 

[0013] The present invention has the following features to 

achieve the objects above. 

A first aspect of the present invention is directed 



[0014] 




to an optical amplifying device for amplifying an input optical 
signal, the device comprising: 

a control electrical signal generator for generating a 
control electrical signal having a waveform obtained by inverting 
an envelope of the input optical signal; 

a light-emitter for outputting, based on the control 
electrical signal, a dummy optical signal having a wavelength that 
is different from a wavelength of the input optical signal; 

a multiplexer for multiplexing the input optical signal and 

the dummy optical signal; 

an amplifier for amplifying a multiplexed optical signal; 

and 

a separator for separating at least the input optical signal 
from an optical signal after amplification by the amplifier. 
[00151 AS described above, in the first aspect, the input 

optical signal is multiplexed with the dummy optical signal having 
a waveform obtained by inverting the envelope of the input optical 
signal. Thus, optical amplification can be carried out without 

waveform degradation. 
) [00161 A second aspect of the present invention is directed 

to an optical amplifying device for amplifying an input optical 



signal, the device comprising: 

a light-emitter for transmitting the input optical signal, 
and emitting, based on the optical signal transmitted by the 
light-emitter, a dummy optical signal having a waveform obtained 
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by inverting a waveform of the input optical signal and having 
length that is different from a wavelength of the input 



a wave 



optical signal; 

a controller for controlling the wavelength of the dummy 

optical signal emitted from the light-emitter; 

amplifier for amplifying the optical signal and the dummy 



an 



optical signal from the light-emitter; and 

a separator for separating the input optical signal from 
an optical signal after amplification. 

[00171 AS described above, in the second aspect, by being 

transmitted through the light-emitter, the optical signal is 
multiplexed with the dummy optical signal having the waveform 
obtained by inverting the waveform of the input optical signal. 
Thus, optical amplification can be carried out in a more 
simplified structure without optical surges. 

[0018] These and other objects, features, aspects and 

advantages of the present invention will become more apparent from 
the following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[00191 FIG. 1 is a block diagram showing the structure of 
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ical amplifying device 1000 according to a first embodiment 



of the present invention; 

FIGS. 2a to 2d are diagrams showing waveforms of optical 



signals in the optical amplifying device 1000; 

FIGS. 3a and 3b are diagrams in assistance of explaining 
the operation of an optical filter 118; 

FIG. 4 is a block diagram showing the structure of a system 
using an optical amplifying device 1500 , which is one modification 
of the optical amplifying device 1000; 

FIG. 5 is a block diagram showing the structure of an optical 
amplifying device 2000 according to a second embodiment of the 

present invention; 

FIGS. 6a to 6d are diagrams showing waveforms of optical 

signals in the optical amplifying device 2000; 

FIG. 7 is a block diagram showing the structure of an optical 
amplifying device 3000 according to a third embodiment of the 

present invention; 

FIGS. 8a to 8d are diagrams showing waveforms of optical 

signals in the optical amplifying device 3000; 

FIG. 9 is a block diagram showing the structure of an optical 
amplifying device 4000 according to a fourth embodiment of the 

present invention; 

FIGS. 10a and 10b are diagrams showing waveforms of optical 

signals in the optical amplifying device 4000; 

FIG. 11 is a block diagram showing the structure of an 
optical amplifying device 5000 according to a fifth embodiment 

of the present invention; 

FIGS. 12a to 12c are diagrams showing waveforms of optical 



signals in the optical amplifying device 5000; 

FIGS. 13a and 13b are diagrams in assistance of explaining 
the operation of a first optical router 536; 

FIG. 14 is a block diagram showing the structure of an 
optical transmission system using the optical amplifying device 
5000; 

FIG. 15 is a block diagram showing the structure of an 
optical amplifying device 6000 according to a sixth embodiment 

of the present invention; 

FIG. 16 is a block diagram showing the structure of an 
optical transmission system according to a seventh embodiment of 

the present invention; 

FIGS. 17a and 17b are diagrams in assistance of explaining 

the operation of a second optical router 736; 

FIGS. 18a and 18b are diagrams in assistance of explaining 
optical surges that occur when a burst optical signal is 
amplified; 

FIG. 19 is a block diagram showing the structure of a 
conventional optical amplifying device 9000; and 

FIGS. 20a to 20c are diagrams showing waveforms of optical 
signals in the conventional optical amplifying device 9000. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The embodiments of the present invention are 

described below with reference to the drawings. 
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(First Embodiment) 

[0021] FIG. 1 is a block diagram showing the structure of 

an optical amplifying device according to a first embodiment of 
the present invention. An optical amplifying device 1000 
includes an optical brancher 110, a delay unit 112, an optical 
multiplexer 114, an optical amplifier 116, an optical filter 118, 
an optical detector 120, a first controller 122, and an optical 
signal generator 124. With reference to FIGS. 1, 2a to 2d, 3a, 
and 3b, the operation of the optical amplifying device according 
to the present embodiment is now described. 

[0022] The optical amplifying device 1000 is provided with 

an input optical signal having a waveform Xl and an amplitude 
a . This optical signal carries burst-like binary digital data. 
FIG. 2a shows the waveform of this optical signal. In FIG. 2a, 
a period during which binary digital data is carried on the optical 
signal is referred to as a data period, while a period during which 
no binary digital data is carried thereon is referred to as a 
no-data period. A dotted line indicates an envelope of the 
Optical signal. 

[0023] The optical brancher 110 branches the received 

optical signal into two. The optical detector 120 converts one 
optical signal outputted from the optical brancher 110 into an 
electrical signal. The first controller 122 generates a control 
electrical signal having a waveform obtained by inverting the 
envelope of the electrical signal. Based on this control 



lo 



electrical signal, the optical signal generator 124 produces a 
dummy optical signal having a waveform ;id and an amplitude a 
/2. FIG. 2b shows the waveform of the dummy optical signal. 
[00241 on the other hand, the other optical signal outputted 

from the optical brancher 110 is delayed by the delay unit 112 
for a predetermined time, and then forwarded to the optical 
multiplexer 114 . Here, the predetermined time is a time required 
for the one optical signal outputted from the optical brancher 
110 to go through the optical detector 120, the first controller 
122, and then the optical signal generator 124 to become the dummy 
optical signal. The optical multiplexer 114 multiplexes the 
optical signal from the delay unit 112 and the dummy optical signal 
from the optical signal generator 124 together, and then produces 
a multiplexed optical signal. FIG. 2c shows the waveform of the • 
multiplexed optical signal. 

[00251 The optical amplifier 116 amplifies the multiplexed 

optical signal. At this time, as shown in FIG . 2c, the multiplexed 
optical signal is always at a /2 in level during the no-data 
periods during which transmission data does not exist, and also 
at a 12 in average during the data periods during which 
transmission data exists. Therefore, the optical signal 
provided to the optical amplifier 116 is approximately constant 
in optical power, and is not degraded in waveform when amplified. 
[0026] The optical filter 118 has such a transmittance 

characteristic as shown in FIG. 3a to separate the optical signal 
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of the wavelength Xl from the amplified optical signal having 
a spectrum as shown in FIG. 3b. FIG. 2d shows the waveform of 
the passed optical signal. 

[00271 AS described above, in the first embodiment, the 

optical signal having the wavelength Xl and the amplitude a to 
be amplified is multiplexed with the dummy optical signal having 
the wavelength Xd ( =^ ;il) and the amplitude a /2 obtained by 
inverting the envelope of the input optical signal . Thus , optical 
amplification can be carried out without waveform degradation. 
Furthermore, the average optical power of the optical signal 
provided to the optical amplifier 116 is cut in half, compared 
with that in the conventional device as shown in FIG. 19. 
Therefore, higher amplification gain can be achieved. Still 
further, the control electrical signal outputted from the first 
controller 122 is generated based on the envelope of the input 
optical signal. Thus, the present optical amplifying device is 
less electrically loaded than the conventional device shown in 
FIG. 19. 

[0028] In the present embodiment, the dummy optical signal 

-half in amplitude of the input optical signal, but is not 



IS one 



necessarily restricted to the above . For making the optical power 
to the optical amplifier 116 more constant, however, one-half the 
itude of the input optical signal is preferable, as in the 



ampl 

present embodiment . 

100291 Furthermore, in the present embodiment, the input 



la 
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optical signal is a burst optical signal. Alternatively, an 
arbitrary optical signal can be amplified. 

[0030] Still further, in the present embodiment, the input 

optical signal has a single wavelength, that is, only the 
wavelength Xl. Similarly, if optical signals with different 
wavelengths A. 1 to ;.n are provided in a time-division manner, for 
example, these optical signals can be amplified without 
degradation in waveform. In this case, however, the wavelength 
Xd of the dummy optical signal has to be different from any of 
the wavelengths Xl to Xx\. 

[0031] Still further , in the present embodiment , the optical 

filter 118 is used for the purpose of separating the optical signal 
of the wavelength X 1 from the amplified optical signal. 
Alternatively, an optical router may be used to achieve the same 
purpose . 

[00321 In the present embodiment, the input optical signal 

is converted by the optical detector 120 into an electrical signal , 
and the control electrical signal is generated by the first 
controller 122 based on this electrical signal. Alternatively, 
for example, the control electrical signal may be generated based 
on an electrical signal to be carried on the input optical signal. 
Such modification example of the present embodiment is briefly 
described with reference to FIG. 4. In FIG. 4, components 
identical in structure to those in FIG. 1 are provided with the 
same reference numerals. 
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[00331 In FIG. 4, a data unit 10 produces an electrical signal 

carrying burst-like binary digital data . This electrical signal 
is converted by an optical signal generator 20 into an optical 
signal having a wavelength Xl, The optical signal is provided 
to an optical amplifying device 1500 as the input optical signal. 
[0034] The electrical signal from the data unit 10 is also 

provided to the first controller 122 in the optical amplifying 
device 1500. As in the optical amplifying device 1000 shown in 
FIG. 1, the first controller 122 provides the optical signal 
generator 124 with a control electrical signal having a waveform 
obtained by inverting the waveform of the electrical signal. 
[0035] The optical signal generator 124 generates a dummy 

optical signal based on the control electrical signal. The 
optical multiplexer 124 multiplexes the input optical signal 
coming through the delay unit 112 and the dummy optical signal 
together. Thereafter, the operation of the optical amplifying 
device 1500 is the same as that of the optical amplifying device 
1000 shown in FIG. 1, and therefore not described herein . As such, 
in the optical amplifying device 1500 according to this 
modification example, the same effects can be achieved as those 
in the optical amplifying device 1000 shown in FIG. 1. 
[0036] (Second embodiment) 

FIG. 5 is a block diagram showing the structure of an optical 
amplifying device according to a second embodiment of the present 
invention. An optical amplifying device 2000 includes the 
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optical brancher 110, the delay unit 112, the optical multiplexer 
114, the optical amplifier 116, the optical filter 118, a logic 
level determination unit 226, a second controller 228, and the 
optical signal generator 124. Note that, in FIG. 5, components 
5 identical in structure to those in FIG. 1 are provided with the 
same reference numerals. With reference to FIGS. 5 and 6a to 6d, 
the operation of the optical amplifying device according to the 
second embodiment is described below. 

[0037] The optical amplifying device 2000 is provided with 

10 an input optical signal having a waveform ll and an amplitude 
a . This optical signal carries burst-like binary digital data. 
FIG. 6a shows the waveform of this optical signal. In FIG. 6a, 
a period during which binary digital data is carried on the optical 
signal is referred to as a data period, while a period during which 
15 no binary digital data is carried thereon is referred to as a 
no-data period. 

[0038] The optical brancher 110 branches the received 

optical signal into two. The logic level determination unit 22 6 
determines the level of the binary digital data carried on one 

20 optical signal outputted from the optical brancher 110. The 
second controller 228 generates a control electrical signal based 
on a determination made by the logic level determination unit 226 . 
This control electrical signal becomes a/2 in level from 0, for 
example, when the logic level determination unit 226 determines 

25 that the value of the digital data continuously indicates 0 for 
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more than a predetermined time Al, and returns to "0" when the 
value of the digital data becomes 1. The time Al is predetermined 
based on physical characteristics of the optical amplifier 116, 
such as a relaxation time constant, and other factors. Based on 
5 this control electrical signal, the optical signal generator 124 
produces a dummy optical signal having the wavelength Xd and the 
amplitude a/2. FIG. 6b shows the waveform of this dummy optical 
signal . 

[0039] On the other hand, the other optical signal outputted 

10 from the optical brancher 110 is delayed by the delay unit 112 
for a predetermined time, and then forwarded to the optical 
multiplexer 114. Here, the predetermined time is a time required 
for the one optical signal outputted from the optical brancher 
110 to go through the logic level determination unit 226, the 

15 second controller 228, and then the optical signal generator 124 
to become the dummy optical signal. The optical multiplexer 114 
multiplexes the optical signal from the delay unit 112 and the 
dummy optical signal from the optical signal generator 124 
together, and then produces a multiplexed optical signal. FIG. 

20 6c shows the waveform of the multiplexed optical signal. 

[0040] The effects of optical surges that occur when the 

input optical signal is changed in level from 0 to a become larger 
as the period at the level 0 before the change is longer. 
Therefore, if the no-data period continues for more than the 

25 predetermined time Al , the input optical signal is multiplexed 



with the dummy optical signal so that the no-data period of the 
multiplexed optical signal provided to the optical amplifier 116 
does not continue for more than the time Al . Thus , the effects 
of optical surges at amplification can be suppressed within a 
permissible range. 

[0041] The optical amplifier 116 amplifies the multiplexed 

optical signal . At this time , as shown in FIG . 6c , a period during 
which the multiplexed optical signal is at the "0" level is, at 
most, the time Al . 

[0042] After amplification, similarly to the first 

embodiment, the optical filter 118 separates the optical signal 
having the wavelength X 1 from the amplified optical signal . FIG. 
6d shows the waveform of the separated optical signal. 
[0043] As described above, according to the second 

embodiment, the no-data period of the multiplexed optical signal 
provided to the optical amplifier 116 is controlled so as to become , 
at most, the time Al . Thus, the effects of optical surges at 
amplification can be suppressed within a permissible range. 
Moreover, the average optical power of the optical signal provided 
to the optical amplifier 116 is smaller than that in the 
conventional device shown in FIG. 19. Thus, more amplification 
gain can be obtained. 
[0044] (Third Embodiment) 

FIG. 7 is a block diagram showing the structure of an optical 
amplifying device according to a third embodiment of the present 
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invention. An optical amplifying device 3000 includes the 
optical brancher 110, the delay unit 112, the optical multiplexer 
114, the optical amplifier 116, the optical filter 118, the logic 
level determination unit 226, a third controller 330, and the 
optical signal generator 124. Note that, in FIG. 7, components 
identical in structure to those shown in FIG. 5 are provided with 
the same reference numerals. With reference to FIGS. 7 and 8a 
to 8d, the operation of the optical amplifying device according 
to the third embodiment is described below. 

[0045] The optical amplifying device 3000 is provided with 

an input optical signal having a waveform 11 and an amplitude 
a . This optical signal carries burst-like binary digital data. 
FIG. 8a shows the waveform of this optical signal. 
[00461 The optical brancher 110 branches the received 

optical signal in two. The logic level determination unit 226 
determines the level of the binary digital data carried on one 
optical signal outputted from the optical brancher 110 . The third 
controller 330 generates a control electrical signal based on a 
determination made by the logic level determination unit 226 . The 
generated control electrical signal has pulses with the amplitude 
a and a width A2, for example. Every time when the logic level 
determination unit 226 determines that the value of the data 
continuously indicates "0" for more than the predetermined time 
Al, the pulse is outputted. The time Al is predetermined based 
on a relaxation time constant of the optical amplifier 116 and 



other factors. Based on this control electrical signal, the 
optical signal generator 124 produces a dummy optical signal 
having the wavelength Xd. FIG. 8b shows the waveform of this 
dummy optical signal. 

[00471 On the other hand, the other optical signal outputted 

from the optical brancher 110 is delayed by the delay unit 112 
for a predetermined time, and then forwarded to the optical 
multiplexer 114 . Here, the predetermined time is a time required 
for the one optical signal outputted from the optical brancher 
110 to go through the logic level determination unit 226 , the third 
controller 330, and then the optical signal generator 124 to 
become the dummy optical signal. The optical multiplexer 114 
multiplexes the optical signal from the delay unit 112 and the 
dummy optical signal from the optical signal generator 124 
together, and then produces a multiplexed optical signal. FIG. 
8c shows the waveform of the multiplexed optical signal. 



[0048] 



The effects of optical surges that occur when the 



input optical signal is changed in level from 0 to a become larger 
as the period at the level 0 before the change is longer. 
Therefore, if the no-data period continues for more than the 
predetermined time Al , the input optical signal is multiplexed 
with the dummy optical signal so that the no-data period of the 
multiplexed optical signal provided to the optical amplifier 116 
does not continue for more than the time Al . Thus, the effects 
of optical surges at amplification can be suppressed within a 
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permissible range. 

[0049] The optical amplifier 116 amplifies the multiplexed 

optical signal . At this time , as shown in FIG . 8c , a period during 
which the multiplexed optical signal is at the "0" level is, at 
most, the time Al . 

[00501 After amplification, similarly to the first 

embodiment, the optical filter 118 separates the optical signal 
of the wavelength Xl from the amplified optical signal. FIG. 
8d shows the waveform of the separated optical signal. 
[0051] In the present embodiment , the pulse width A2 is fixed, 

butmay be variable if , for example, the pulses of the dummy optical 
signal overlap with the data period of the input optical signal. 
In such case, pulses are changed to be shorter in width for 
preventing the overlapping. 

[0052] As described above , according to the third embodiment , 

the no-data period of the multiplexed optical signal provided to 
the optical amplifier 116 is controlled so as to become the time 
Al at most. Thus, the effects of optical surges at amplification 
can be suppressed within a permissible range. Moreover, the 
average optical power of the optical signal provided to the 
optical amplifier 116 is significantly smaller than that in the 
conventional device shown in FIG. 19. Thus, more amplification 
gain can be obtained. 

[0053] Note that, in the second and third embodiments, the 

input optical signal is a burst optical signal. Alternatively, 



similarly to the case in the first embodiment, an arbitrary 
optical signal can be amplified. 

[0054] Furthermore, in the second and third embodiments, the 

input optical signal has a single wavelength, that is, only the 
wavelength Xl. Similarly, if optical signals with different 
wavelengths A. 1 to In are provided in a time-division manner, for 
example, these optical signals can be amplified without 
degradation in waveform. In this case, however, the wavelength 
Ad of the dummy optical signal has to be different from any of 
the wavelengths X 1 to Xn. 

[0055] Still further, in the second and third embodiments, 

the optical filter 118 is used for the purpose of separating the 
optical signal of the wavelength ll from the amplified optical 
signal. Alternatively, an optical router may be used to achieve 
the same purpose. 

[0056] Still further, in the second and third embodiments, 

based on the determination made by the logic level determination 
unit 226, the second and third controller 228 and 330 generate 
the control electrical signal. Alternatively, for example, the 
control electrical signal may be generated based on an electrical 
signal to be carried on the input optical signal. 
[0057] (Fourth Embodiment) 

FIG. 9 is a block diagram showing the structure of an optical 
amplifying device according to a fourth embodiment of the present 
invention. An optical amplifying device 4000 includes a 
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semi 



conductor laser 432, a controller 434, the optical amplifier 



116, and the optical filter 118. Note that, in FIG. 9, components 
identical in structure to those shown in FIG. 1 are provided with 
the same reference numerals. With reference to FIGS. 9, 10a, and 
10b, the operation of the optical amplifying device according to 
the present embodiment is now described. 

[00581 The optical amplifying device 4000 is provided with 

an input optical signal having a waveform X 1 . This optical signal 
carries burst-like binary digital data. FIG. 10a shows the 
waveform of this optical signal. 



[0059] 



T»^e— geff w r cuiiauC Loi laser 432 lb i^ u nti o llcd b y 



controller 434 so as to produce an optical si^Pta-T having a 
wavelength Xd and identical in amplitud^xffthe received optical 
signal having the wavelength l^^^^he semiconductor laser 432 
is implemented as a distributed Bragg reflector (DBR) type 
semiconductor lasers/for example. Such semiconductor laser has 
characteristics^, when an optical signal having a wavelength 
different f/o^ that of the semiconductor laser is externally 
provided'''^ thereto, suppressing oscillation thereof and 



ing this ex 



--provided optical signal. 



[0060] 



TT>^1-her wo^ii'^ , whi 1 p the input, light wi 




;il to the semiconductor laser 432 is^^^i-optical power, that 
is , while the optical power i§,,0-du^^ng both of the data and no-data 



periods shown in 



an 




10a, the semiconductor laser 423 produces 



s-irgrraT~bf predetermine-d- 
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while the input light to the semiconductor laser «2j^^0 in 
optical power, the semiconductor laser 432_>^ppressed in 

4-^ -hho ont LealT^DOwer . Therefore, the 
oscillation in response to the opt^i powe 

f H-Ko nntical siqna^rl^SCing the wavelength A.d outputted 
waveform of the optical 5iyiij><>- no -s 

J ^^-^^ y^*:^r 432 becomes the inverted one of the 
from the semiconductor^aser ^js^ oet-unc 

input light, assf^in FIG. 10b. This optical signal of the 
wavelength J^rreaponds to the dummy optical signal in the 
above-d^ibed conventional device and optical amplifying 




10 d«g* ee di-c u iJin y tj -fflS^rst 

(00611 From the semiconductor laser 432, the light of the 

wavelength X 1 transmitted therethrough and the above-stated 
du^ny optical signal of the wavelength P.d are both outputted. 
AS stated above, the light and the dui..-.y optical signal are 

15 inverted in waveform to each other. Therefore, the light 
outputted from the semiconductor laser 432 is constant in optical 

power . 

[00621 The light outputted from the semiconductor laser 432 

is amplified by the optical amplifier 116. At this time, the light 
20 provided to the optical amplifier 116 Is approximately constant 
in optical power, and therefore optical surges do not occur. 
After amplification, the optical filter 118 passes the optical 

signal of the wavelength Xl. 

•K^H ahnvp in the fourth embodiment, the 
[0063] As described aoove, m unw 

25 optical signal of the wavelength X 1 to be amplified is provided 



22 



to the semiconductor laser 432 oscillating with the wavelength 
Xd that is different from the wavelength Xl. Thus, an optical 
signal constant in optical power and composed of the input optical 
signal superposed with the duiruny signal is produced. Therefore, 
the optical amplifying device capable of carrying out optical 
amplification without degradation in waveform can be achieved in 
a more simplified structure, compared with the above-described 
entional device and the optical amplification device 



conv 



according to the first embodiment. 

[0064] In the present embodiment, the input optical signal 

is a burst optical signal. Alternatively, an arbitrary optical 
signal can be amplified. 

[0065] Furthermore, in the present embodiment, the input 

optical signal has a single wavelength, that is, only the 
wavelength Xl. Similarly, if optical signals with different 
wavelengths A 1 to ;Ln are provided in a time-division manner, for 
example, these optical signals can be amplified without 
degradation in waveform. In this case, however, the wavelength 
Xd of the dummy optical signal has to be different from any of 
the wavelengths A 1 to Xn. 

[0066] Still further, in the present embodiment , the optical 

filter 118 is used for the purpose of separating the optical signal 
of the wavelength X 1 fro.^ the amplified optical signal. 
Alternatively, an optical router may be used to achieve the same 
purpose. If the optical router is used, the dummy optical signal 

0^ 



may be used for data transmission or feedback control . Described 
below are modification examples according to the present 
embodiment, as fifth and sixth embodiments. 
[00671 {Fifth Embodiment) 

FIG. 11 is a block diagram showing the structure of an 
optical amplifying device according to the fifth embodiment of 
the present invention. An optical amplification device 5000 
includes the semiconductor laser 432, the controller 434, the 
optical amplifier 116 , and a first optical router 536 . Note that , 
in FIG. 11, components identical in structure to those in FIG. 
9 are provided with the same reference numerals. With reference 
to FIGS. 11 and 12a to 12c, the operation of the optical amplifying 
device according to the present embodiment is now described. Note 
that the fifth embodiment is different from the fourth only in 
that the first optical router 536 is provided instead of the 
optical filter 118. Therefore, the other components are not 
described in detail herein. 

[00681 The optical amplifying device 5000 is provided with 

an input optical signal having a waveform Al. FIG. 12a shows 
the waveform of this optical signal. Similarly to the fourth 
embodiment, the optical signal transmitted through the 
semiconductor that oscillates with a wavelength ;id is multiplexed 
with a dummy optical signal of the wavelength X d, and then 
amplified by the optical amplifier 116. 

[0069] The amplified optical signal is provided to the first 



optical filter 536. The first optical filter 536 has first and 
second output ports each having transmittance characteristics as 
shown in FIG. 13a. Out of the amplified optical signal having 
a spectrum shown in FIG. 13b, the first optical router 536 outputs 

5 the optical signal of the wavelength Xl from the first output 
port and the dummy optical signal of the wavelength Xd from the 
second output port. FIG. 12b shows the waveform of the optical 
signal outputted from the first output port, while FIG. 12c shows 
that of the optical signal outputted from the second output port. 

10 [0070] AS evident from FIGS. 12b and 12c, the optical signals 

outputted from the first and second output ports are inverted in 
waveform, but these signals carry the same information. 
Therefore, by transmitting both of the optical signals, the 
information identical to that carried on the input optical signal 

15 can be transmitted. 

[0071] AS such, in the fifth embodiment, not only the optical 

signal of the wavelength X 1 to be amplified but also the dummy 
optical signal of the wavelength X d is used for data transmission. 
Thus, the generated optical signals can be utilized more 

20 effectively. 

[0072] In the present embodiment, the input optical signal 

is a burst optical signal. Alternatively, an arbitrary optical 
signal can be amplified. 

[0073] Furthermore, in the present embodiment, the input 

optical signal has a single wavelength, that is, only the 
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wavelength XI. Similarly, if optical signals with different 
lengths X 1 to in are provided in a time-division manner, for 



wave 



example, these optical signals can be amplified without 
degradation in waveform. In this case, however, the wavelength 
Ad of the dummy optical signal has to be different from any of 
the wavelengths XI to An. 

[0074] in the present embodiment, the first optical router 

536 has two output ports. Alternatively, the first optical router 
536 may have three or more output ports for outputting lights of 
the wavelengths 2.1 to In and Xd. 

[0075] H S i e, eu njid L i Q gqdo vfhere th n npt i r a 1 -a wp^^iiip^ 

device 5000 according to the present embodiment>S^ to 
construct a system as shown in FIG. 14 ^If.a«^ance Ll between 
the optical amplifying device 500^.art^^1^ f i r s t optical receiver 
30 is different from a distape^^between the optical amplifying 
device 5000 and a se^j^^tical receiver 32, optical signals of 
wavelengths ^;^^d both outputted from the optical amplifying 

are disadvantageously differed in transmission 
;^ristic (S/N ratio) , even though they are identical in 
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10076] TO get around the above problem, if the distance Ll 

is longer than the distance L2 , the controller 434 controls the 
dummy optical signal of the wavelength Ad outputted from the 
semiconductor laser 432 to be smaller in amplitude than the 
optical signal of the wavelength A 1 to be amplified. Thus, the 

^ 26 



3a.e transmission characteristics can be observed in these 
optical signals and. by extension, in the syste. as a -hole. 
[00771 (Sixth Embodiment) 

FIG. 15 is a block diagram showing the structure o£ an 
optical amplifying device according to the sixth embodiment of 
the present invention. An optical amplifying device 6000 
includes the semiconductor laser 432, the controller 434, the 
optical amplifier 116, and the first optical router 536. «ote 
that, in FIG. 15, components identical in structure to those Shown 

. J -^-v, «?ame reference numerals. With 

in FIG. 11 are provided with the same relent 

. vrr 15 the operation of the optical amplifying 
reference to FIG. lo, tne ufcj-o 

device according to the present embodiment is now described . The 
optical amplifying device according to the sixth embodiment is 

the fifth only in that the optical 
different from that according to the tirtn on±y 

signal of the wavelength Ad outputted from the first optical 
router 536 is used not for transmission but for control of the 
output light from the semiconductor laser 432. Therefore, the 

r,r^■l- H«»scribed in detail herein, 
other components are not descrioea 

10078) The optical signal of the wavelength Ad outputted 

trom the first optical router 536 in a manner similar to that in 
the fifth embodiment is provided to the controller 434. The 
controller 434 monitors this optical signal to control the 

= -t-h.^ oscillation wavelength 
J _4.^v- lacoT- 432 so that une oi^-xj.j-=<--^ 
semiconductor laser 'io^ 

w;,v^lenath Id and that the dummy optical 
thereof becomes the waveiengx.n 

^ ^■^-r^^ 1 A <?pr 432 becomes equal in amplitude 
, signal from the semiconductor laser oeou 
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to the optical signal of the wavelength X 1 to be amplified. 



[00791 



•In genera V 



asers 



controlled based on an output light there fronKHojaieV^, in the 
present embodiment, the output lightfrorp^-ttie^miconductor laser 
432 includes the light of the^tar^^^l^ngth ;i 1 and the dummy optical 
signal of the waveleng^^Xd, and therefore cannot be referred 
to for feedback ^zd^rol . For this reason, in the present 
embodiment^^l^^irst optical router 536 separates the controller 

the optical signal of the wavelength A d from the 



434 wi 



ami 



■ga'optical signal for f eedbackcontroi . 



[0080] 



As Hogf^T-ihpd above 



;f>rding to lilg. 




embodiment, the optical signal of the wavelength A^d-cSiTtputted 



from the first optical router 536 is monitor.ed^hus . in addition 
to the effects similar to tho^^lTthe fourth embodiment, the 



optical amplifying dejwriSe^ccording to the fifth embodiment has 
such an effecj^-^Tthat the output light from the semiconductor 



laser^^2 _ca-n^'§~^ontrolleor 

[00811 With reference to FIGS. 16, 17a, and 17b, described 

is a system in which an optical signal is amplified by an optical 
amplifying device and then again amplified for long-distance 
transmission 

[0082] (Seventh Embodiment) 

FIG. 16 is a block diagram showing the structure of an 
optical transmission system according to a seventh embodiment of 
the present invention. The optical transmission system includes 
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The 



an optical a^pXifyin, device 7000, second optical amplifiers 40a 
and 40b, and optical filters 50a and 50b. The optical amplifying 
device 7000 includes semiconductor lasers 732a and 732b, 
controllers 734a and 734b, an optical multiplexer 738, the first 
optical amplifier 116, and a second optical router 736 . Note that 
the first optical amplifier 116 shown in FIG. 16 is identical in 
structure to the optical amplifier 116 shown in FIG. 11 
operation of the present optical transmission system is now 
described below. 

,00831 The optical amplifying device 7000 is provided with 

two optical Signals having different wavelengths, one with a 
wavelength .1 and the other with a wavelength X2. The optical 

:i 1 is nrovided to the semiconductor laser 
signal of the wavelength X 1 is proviaeu 

• ^ ■ controlled by the controller 734a, and then 
732a, which is controiiea oy 

multiplexed with a du^ny optical signal of a wavelength X dl . On 
the other hand, the optical signal of the wavelength X2 is 
provided to the semiconductor laser 732b, which is controlled by 
the controller 734b, and then multiplexed with a dummy optical 
signal of a wavelength of A.d2. 

732b are multiplexed each other by the^optiP^^-^STJlpl-" 
and then amplified by the f^,^ amplifier 116. At th.s 
time, the output lighjWJ^Tthe semiconductor lasers 732a and 

,r^r tTootical power and, accordingly, an output 

732b are consj^amT: m o^\.:l^cx^ 

^ ^_^^-r-— , m,ni-inlexe "r ^O i3 al -Gn r nn ntn nt i n Opt 1 g^J- - 
gh><rroilU^^t=i'€'^ 
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occur in tKe-.-^ii^'-t- uuLiL^l amt>iitier^ 116^. 




[0085] The amplified optical signal is provided to the 

second optical router 736. The second optical router 736 has 
5 first and second output ports , and is structured as an AWG (Arrayed 
Wave Guide) having cyclic transmittance characteristics as shown 
in FIG. 17a. Of the input optical signal having a spectrum shown 
in FIG. 17b, the second optical router 736 outputs, from the first 
output port, the optical signal of the wavelength A 1 to be 



y 10 amplified and the dummy optical signal of the wavelength X d 
J^* 1 and, from the second output port, the optical signal of the 

wavelength A. 2 to be amplified and the dummy optical signal of 
the wavelength X d 2 , 

[0086] The optical signal outputted from the first output 

15 port is again amplified by the second optical amplifier 40a in 
the course of transmission through an optical fiber. The optical 
signal inputted to the second optical amplifier 40a is constant 
in optical power, like the output light from the semiconductor 
laser 732a. Therefore, optical surges at optical amplification 
20 do not occur in the second optical amplifier 40a. The amplified 
optical signal is provided to the optical filter 50a that passes 
the optical signal of the wavelength 11. 

[0087] Similarly, the optical signal outputted from the 

second output port is again amplified by the second optical 
25 amplifier 40b, and then provided to the optical filter 50b that 
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1 c-irrnsl of the wavelength A.2. 
passes the optical signal or 

A3 described above, according to the present 
e:*odi.ent. when the amplified optical si,nai is transmitted 
.hrou,h a router, the input optical signal and the du^ny optical 
.ignal are both outputted fro. the sa.e port for transmission. 
Therefore, optical surges do not occur when the optical signal 
t.om the router is again amplified by another optical amplifier . 

=n hp carried out twice or more without 
Thus, amplification can be carriea 

V, H.vice as the optical amplifying device 
further requiring such device as rne p 

V, • PTG 9 for suppressing optical surges. Consequently, 
4000 shown m FIG. y tor suppj-^ ^ 

the system can be simplified in structure. 

,0089. While the invention has been described in detail . the 

.oregoing description is in all aspects illustrative and not 
restrictive . It is understood that numerous other modifications 
.nd variations can be devised without departing from the scope 



of the invention. 
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